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EXp|aIﬂ Supel”maSSIVG blaC|< hOleS at Z>6 (Fan et al., Mortlock et al., etc.)

Structure: stars/galaxies/BHs only had 800 Myr to evolve (egermark eta 97)
Cosmic Variance to the rescue!?

A scenario that does not depend on Cosmic Variance
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FIRST STARS AND GALAXIE

e First Stars and Galaxies

H
z~20-30,t ~ 200 Myr 2
200K - 2000K
* First Generation of stars
. Tur < 10,000 K
Population llIl: 40- 100 M, Typical Mass: 106 M
* First stellar black holes: ~ 100 Mg,
) 9
oSNy (o grow from |0 to [0° M., H
\ 8000 - 10,000 K
Requires: "
Tur > 10,000 K

S eonsiant aceretion.at fedy =1
- Massive gas reservoir
@ @sinile varlance to the rescue!

Typical Mass: 107 Msun




MAKING THE FIRST STAR
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Figure 2.4: The density vs. temperature of pristine gas undergoing spherical collapse (taken
from Yoshida et al., 2006). (A) gas is shock heated to the virial temperature and H; forms
by two-body processes; (B) gas cools down to 200 K due to Hy cooling; (C) Hz cooling
rate saturates and reaches the LTE value; (D) onset of three-body reactions, leading to the
gas becoming fully molecular; (E) the line cooling becomes inefficient because of the high
optical depth as the density of the gas increases; (F') collision-induced emission dominates
cooling process; and (G) onset of Hy dissociation at 7" ~ 2000 K.




LYMAN WERNER RADIATION

AN P LE RS =Y
Dissociate H> molecules: basic constituents of first galaxies/halo
J or Jiwin units: 102" erg/ s/ Hz/ cm?/ sr
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LYMAN WERN

Critical (high) LW Radiation
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MAKING A DCBH
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BEEORE [HCAL MODELS: EXIS TERSSS

PART | & PART |l

SAM FiBY

Agarwal et al. 2012 | DallaVecchia et al.
Cosmological Volume Yes Yes
Minihaloes resolved Yes Yes
Halo histories Yes Yes
Outflows Yes JiEs
Pop Il + Pop |l Yes Yes
LW radiation: Spatial + Global Yes Yes
€@ No Yes

|GM Metal Dispersion No Yes



-MI ANALY TICAL MO

B,

Z= 29.6147

PARNIRESE



Pop I

Pop I

HOW TH

b

l b -
SEramm=="

O utﬂOWS

O utﬂOWS

-
...--_’

PART |: SAM



R

* How many such sites exist at z>6
* What Is so special about these sites!

* What about their past, history of the halo/galaxy?

* How many such sites make a DCBH!?

* How do they evolve!



HOW MANY DC SITES?
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HOW MANY DC SITES?
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ow-any-sueh-sttes-existat 76

* What Is so special about these sites!

* What about their past, history of the halo/galaxy?

* How many such sites make a DCBH!?

* How do they evolve!



S ES: VWHAT 1S 50 SPECHSES

1000% ,,,,,,,,,,,,,,,,,,,,,,,,

10.0;
- Steeper Two point correlation e
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FIBY SIMULATION

COURTESY: CLAUDIO DALLAVECCHIA

PARTRIERELSAE

. -
J -

8 SN
-The First Billion Years Simulation

Theoretical Modeling of Cosmic Structures
Max Planck Research Group
Max Planck Institute for Extraterrestrial Physics

:Mp;‘; http://www.mpe.mpg.de/tmox/
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* VVIId SRS WIS el el2OT

* What about their past, history of the halo/galaxy?

* How many such sites make a DCBH!?

* How do they evolve!



0 S TE IS TCORRE
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* How many such sites make a DCBH!?

Part |l
* How do they evolve!



MAKING A DCBH

- Atomic cooling halo, T > 3000 K
- Metal Free
- LWV flux: critical value exceeded

— Avold fragmentation and cooling to make Pop lll stars

- Supermassive Star: turbulence vs. low angular momentum
Latif et al. 2013, Wise et al. 2008

- Nested instabilities: bars within bars to shed angular momentum
Volonteri et al. 2010

- Low spin disc: to relate the DM-halo spin to gas’ angular momentum
Agarwal et al. 2013 Lodato and Natarajan 06/07

— Strictly an upper limit




GROWTH OF A DCBH

DCBH
\ S M
erger
In Situ
i Pop Il Star Pop |l
Cluster

Empty halo /

Growth of BH + Stars




GROWTH OF A DCBH

Pop I




A NEW CLASS OF O

ECTS!

Galaxies where a massive seed BH forms first

Stellar component forms later

BH ends up being obese and LaH > Lstar

Obese Black Hole galaxies: OBG

OBGs have distinct observational features



GROW TH OF DCBH: OBG
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OBSERVING OBG

Rest wavelength [A]

Observed wavelength [A]

Agarwal et al. 2013



OBSERVING OBG
23 T I
= im =
24 fm=193 -
B
I Co e -
EE 26 B : A v- Y |
27 - -
29 B J.WST NIRCam Limit
30 1 .
0.040 0.104 0.270 0.700
size [arcsec]

Agarwal et al. 201 3



SUMMARY

Possibility of DCBHSs at z>6: higher than previously thought

DCBHSs form in satellites: mergers could lead to MgH -Mbulge

A new class of galaxies at z>6: obese black hole galaxies [OBG]
Observational signatures at z < 6 (Rosario, Agarwal in prep)

Revision In theories of DCBH formation (agarwal et al.in prep)

Impact of reionisation (ohnson, Whalen, Agarwal et al.in prep, Paardekoper, Agarwal et al. in prep)
Impact on reionisation (Paardekooper, Agarwal et al. in prep)

Where do they end up : satellites or centrals?
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Star Forming &

T ~ 10,000 K
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